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Abstract
The present study intends to analyse sex distinction in digital dermatoglyphic patterns in convicted prisoners and compare them with a normal control group.
For this purpose, a sample of 184 prisoners (149 males, 35 females) as well as 240 normal participants (male 120, female 120) were selected. The prisoner cohort group selected for the study was convicted for the following offences: Section 302 IPC, 307 IPC, 376IPC, 363-364 IPC, 366 IPC, 323-26 IPC. Galton's system of classification was followed to classify various dermatoglyphic patterns.
In the male criminal cohort group, the overall frequency of loop patterns (56.51%) was maximum compared to the frequency of whorls (38.79%) and arches (4.7%), while males in the control group exhibited the highest frequency of whorls (48.25%) followed by loops (47.67%) and arches (4.08%). In females, loops were the most frequently occurring pattern, whereas arches were the least frequently seen pattern in both the criminal and cohort group. The frequency of arches was lowest in both the hands with higher fractional percentage in the radial side (thumb and index finger) of distoproximal axis as compared to ulnar side (ring finger and little finger) in both the groups. Pattern intensity index (13.40 vs 13.05), and furuhata's index (69. 35 ٦ twins described that inclination to carry out a crime appears to be strongly genetically controlled. There is remarkable evidence that chromosomal abnormalities lead to appreciable differences in dermatoglyphic characters [14] .
Hence, understanding this aspect of convicted prisoners will be important from anthropological, psychological and forensic perspectives, because very limited work [15, 4, 16, 17, 18 ] has so far been conducted in this sphere. Therefore, the present study has the following three objectives: (i) to assess sex distinctions in digital dermatoglyphic patterns among convicted prisoners, (ii) to compare dermatoglyphic patterns of a criminal cohort group with controls, and (iii) to analyse sex differences with respect to various dermatoglyphic indices.
Materials and Methods
The current control-cohort study consisted of a sample were clustered in one group. A total of 240 subjects (120 males and 120 females) were randomly selected as a control group from different colleges in Nahan, in the Sirmaur district of Himachal Pradesh, North India. All the subjects from the control group did not have any previous criminal record. Prior to the commencement of the study, its purpose was explained to all the participants and their verbal consent was taken.
The inclusion criteria encompassed those subjects who were devoid of any scars, injuries or disease on the digits. All the patterns were classified into arches, loops and In India, a criminal case in Bengal in 1898 was the first case in which fingerprint evidence was used to secure a conviction [3] . A study carried out by Malhotra et al. [4] suggested a strong association between crime and dermatoglyphic characteristics. They studied dermatoglyphic variations between four sex crimes and other crime convicts.
Introduction
Comparative account presented that persons who commit- An extensive and continually growing body of literature has explored differences in the distribution of dermatoglyphic patterns in various populations and ethnic groups [5, 6, 7, 8, 9, 10, 11, 12] , but the research dealing with sex distinctions of digital dermatoglyphic patterns of criminals is currently sparse. The present study may be a promising contribution in the field of criminological research in identifying criminals as well as the antisocial mentality of individuals by using digital dermatoglyphics. A study by Vogel and Motulsky [13] on monozygotic and dizygotic whorls following Galton's system of classification [19] .
The rolled fingerprints of all the participants were taken by following the simple inking method given by Cummins and Midlo [20] . The hands of the participants were thoroughly cleaned with soap and dried before taking prints to obtain complete patterns of the digits. A small dab of printer's ink (Kores India) was placed on the inking plate and spread as a thin even film with the inking pad and was evenly applied on the distal phalanges of each digit. All the fingers were properly rolled one by one on the sheet to obtain the complete pattern. While taking prints, any undue external pressure was avoided to prevent any smudging on the prints. Fingerprints were taken starting from the thumb (digit I), index finger (digit II), middle finger (digit III), ring finger (digit IV) and little finger (digit V) for both the right (R) as well as left (L) hand ( Figure 1 ). For the right hand, digit I was denoted as R1, digit 2 as R2, digit 3 as R3 and so on. Similarly, the left hand digit I was designated as L1, digit 2 as L2, digit 3 as L3 and so on. 
Results
The frequency distributions of various types of digital dermatoglyphic patterns of the criminal and control groups in both sexes are summarized in Table- 1. In males, the overall frequency of loop patterns (56.51%) was highest in the criminal group as compared to the frequency of whorls (38.79%) and arches (4.7%). Males in the control group presented the maximum frequency of whorls (48.25%) followed by loops (47.67%) and arches (4.08%). These differences were statistically significant, as is apparent from the chi-square test in both the control and cohort groups of males. In females, loops were the most frequently occurring pattern, whereas arches were the least frequently seen pattern in both the criminal and cohort group ( Table   1) . Results of the chi-square test exhibited non-significant differences in both the groups of females.
Digit wise frequency of dermatoglyphic pattern types among males from the criminal and cohort group is documented in Table- arches was higher, while the frequency of loops was higher among prisoners. They further observed that in the control group the higher frequency of whorls was associated with positive psychological features. Whereas individuals with greater frequency of loops showed characteristics such as a possible lack of concentration, adaptable, versatile and emotionally responsive. In the present study, the frequency of loops was found to be highest in digit V for both the right and left hands in both the cohort and control groups.
Dorjee et al. [8] observed that the frequency of ulnar loops was greatest on the 5th digit among Limboo males (64%).
A similar trend has been witnessed in a range of previous studies in various normal populations [28, 29] .
In the present study, the frequency of arches was higher in the criminal males (4.7% vs 4.08%) and females (7.14% To gain insight into the relationship between violent behavior and biological as well as psychiatric variables, Climent et al. [15] studied ninety-five women prisoners. They noticed that women prisoners had the highest frequency mean value for Dankmeijer's index in both the sexes. In criminal males, the mean values of pattern intensity index and Furuhata index were higher in the right hand, and the mean value of Dankmeijer`s index was slightly higher in the left hand. In criminal females, the mean values of Furuhata's index and Dankmeijer`s index were higher in the left hand. Dankmeijer's index of males and females of convicted prisoners was higher than their control counterparts. The Furuhata index and pattern intensity index of controls was higher than convicted male and female prisoners. Comparative account with respect to gender displayed a higher Dankmeijer's index, but lower pattern intensity index and furuhata's index in females of both the study group as well as the control group.
Discussion
Dermatoglyphic patterns start to form between the fifth and sixth week of intrauterine life and are fully developed by the 21st week [25] . They remain unaltered throughout postnatal life and are unique to any individual [19] . In the present study, loops were the most frequently occurring pattern in the criminal males followed by whorls and arches. Whereas the control group of males documented the highest frequency of whorls followed by loops and arches. In agreement with the findings of the present study, Bugge and Poll [26] noticed among Danish and German sexual offenders that the prevalence of whorls were lower in criminals than their non-criminal counterparts. A plethora of previous qualitative studies on dermatoglyphics of various ethnic groups [5, 6, 27] demonstrated that whorls were the most common pattern followed by loops and arches in males. The convicted prisoners held in Sabarmati Jail were studied by Pandey and Vyas [18] to assess the frequency of fingerprint patterns, and their results were compared with the normal Gujarati population. The results revealed that convicted prisoners had significant bilateral differences. The percentage frequency of patterns was more in one finger and less in the other within the convicts, and the same was true for the controls. When the complete right and left hands of both the groups were taken into consideration, no significant difference was observed, i.e. the dermatoglyphic patterns were almost similar in proportion.
A comparative study was conducted by Agarwal et al. [17] on prisoners and a normal population in North India to observe their fingerprint patterns. They noticed that in both hands of the control group the frequency of whorls and group of British women, as reported by Holt [31] , presented a two-fold higher frequency of arches, but the difference in the total finger ridge count was not significant. In accordance with these findings, the female prisoners of the present study revealed a higher frequency of arches than their control counterparts as well as the male control groups. A study conducted by Biswas [32] examined fingerprint patterns of juvenile convicts and observed no marked differences.
A higher value of Dankmeijer index was noticed as compared to criminal tribe studied by Sen [33] as well as criminals from different areas of Uttar Pradesh [34] . Newman [35] described that the pattern intensity index is one of the most important criteria for the evaluation of the biologically meaningful differences between population groups.
In the present study, both the male and female criminal cohort groups exhibited higher Dankmeijer's index, but lower pattern intensity as well as Furuhata's index than non-criminal control counterparts.
One of the major limitations of this study that proposes a link between dermatoglyphic patterns and crime is its lack of investigation into the social and economic background of the participants of the cohort group. Wilson and Herrnstein [36] pointed out that crime cannot be understood without taking into account individual predispositions and their biological roots. Despite these concerns, the present study will be of incalculable value in forensic investigations in understanding this aspect of convicted prisoners.
